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V. Reasoned statement under Article 35(2) with regard to novelty. Inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . STATEMENT 
Novelty (N) 



Claims 1-47 



Claims NONE 



Inventive Step (IS) 



Claims NONE 



Claims 1-47 



YES 
NO 

YES 
NO 



Industrial Applicability (IA) Claims i£L YES 

Claims NONE NO 



2. CITATIONS AND EXPLANATIONS 

Claims 1-44 lack an inventive step under PCT Article 33(3) as being obvious over Tou et al. (5.518,831) in view of 
Ready et al. (5,084 ,144). 

Tou et al. (5,518,831) teaches an electrocatalytic structure. Tou et al. (5,5 18,831 Reaches applying a catalyst material 
by vacuum deposition onto the substrate, i.e. sputtered or evaporation (col. 3, lines 1-40). The electrocatalytic structure can be 
utilized in a fuel cell. The substrate is carbon fiber paper (col. 3, lines 55-65). The deposition technique can be performed a 
number of times to achieve the desired thickness and catalyst loading (col. 4, lines 35-45). The electrocatalyst can comprise any 
metal such as platinum, silver, etc. (col. 9, lines 30-40). Looking at the Examples the catalyst loading per layer can be 0.01 
mg/cm2. Any number of layer can be applied in order to reach a catalyst loading of up to 0.5 mg/cm2 for a 50 layer. 

Tou et al. (5,518,831) fails to teach that the catalyst coating consists essentially of the catalytic components. 

Reddy et al. (5,084,144) teaches that it is well known in the art to sputter a catalyst layer of platinum onto a 
NAFION-impregnated electrode for making fuel cells (col. 3, lines 5-17). 

Therefore, it would have been obvious at the time the invention was made to have modified Tou et al. (5,518,831) 
matrix-structured catalyst by forming a catalyst layer comprising only the catalyst component as evidenced by Reddy et al. 
(5,084,144) because of the expectation of achieving similar success. 



Claims 44-47 lack an inventive step under PCT 33(3) as being obvious over either Tou et al. (5,518,831) in view of 
Reddy et al. (5,084,144) alone or in combination further in view of Kujas (4,460,660). 

Tou et al. (5.518,831) in view of Reddy et al. (5,084,144) fail to teach a coating on the carbon substrate. 

Kujas (4,460.660) teaches a negative hydrogen electrode comprising an alloy palladium and ruthenium on a suitable 
support (Continued on Supplemental Sheet) 
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V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

material (see abstract). This catalytic electrode can be used in the manufacturing of fuel cells such as a nickel-hydrogen cell 
(col. 1. lines 5-15). A dispersion of polytetrafluoroethylene (PTFE) is admixed with a dispersion of activated carbon and 
pressed into a nickel support. Subsequently, the (combination) is baked at 135 degrees Celsius for two hours to remove the 
water. The baked porous carbon is used as the support for a catalytic electrode. The support structure is provided with the 
subject catalyst materials by one of two methods. In the first, the palladium and ruthenium, as their chlorides are dissolved in 
sufficient isopropyl alcohol to produce a solution. The support material is immersed in the solution for about five minutes, 
drained and dried in an oven at about 85 degrees Celsius for about four hours. It is preferred to immerse under vacuum and 
then the structure is heated in a hydrogen atmosphere to about 800 degrees Celsius to reduce the salts to the free metals and 
form the impregnated palladium-ruthenium alloy (col. 1, line 27 - col. 2, line 5). Kujas (4,460,660) teaches that it is known in 
the art to use other catalysts such as platinum, niobium and the like (col. 1, lines 50-55). Kujas (4,460,660) teaches a ration of 
catalyst varying up to 55%/45% (col. 3, lines 50-57). 

Therefore, it would have been obvious for one skilled in the art at the time the invention was made to have 
substituted Kujas* s (4,460,660) carbon coated substrate (coated with TEFLON) for Tou et al. (5,518,831) carbon substrate 
because one skilled in the art would have had a reasonable expectation of achieving similar success regardless of whether the 
substrate was strictly carbon or carbon coated with a wet-proofing material. 

Applicant argued that the prior art fails to teach a coating "consisting essentially oP one or more catalytic 
components, etc. 

Reddy et al. (5,084,144) teaches that it is well known in the art to sputter catalyst on a support for fuel cells. The 
catalyst consists of only platinum. In addition, while the Examiner acknowledges the fact that Kujas (4,460,660) deposits the 
catalyst in solution v. vapor deposition, i.e sputtering, it is noted that Kujas' s (4,460,660) catalyst is also comprised of only the 
catalyst material, i.e. ruthenium and palladium. This supports the showing that "pure" catalysts are well known in the art 
regardless of how they are deposited. 

Applicant argued that the prior art teaches coating by sputtering which does not convert the catalytic component into 
a vapor as opposed to PVD, i.e. electron beam. 

The Examiner disagrees. The claims as written are not limited to EB-PVD as argued by applicant. The claims 
merely recite forming a vapor which is met by the prior art's sputtering process. 

Claims 1-47 meet criteria for PCT Article 33(2) and 33(4) because the claims are novel and industrially applicable as 
directed toward the field of endeavor in light of the prior art found. 



NEW CITATIONS 

US 5,084,144 A (REDDY ET AL.) 28 JANUARY 1992, COL. 3, LINES 5-17. 
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We claim 



1 1 . A method for depositing onto a support a vaporizable composition 

2 comprising a catalytic component, said method comprising: 

3 converting said vaporizable composition into a vapor; and 

4 depositing said vapor onto said support in an amount sufficient to produce a 

5 concentration of said catalytic component adapted to produce a 

6 catalytically effective coating on said support 

1 2. The method of claim 1 wherein at least said depositing occurs in a 

2 vacuum 

1 3 The method of claim 1 or 2 wherein said support is a carbon catalyst 

2 support. 

1 4. The method of claim 3 wherein said carbon catalyst support comprises a 

2 material selected from the group consisting of graphite, a carbon filament bundle, 

3 reticulated carbon, carbon cloth, and carbon mesh. 
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1 5. The method of any of claims 1-4 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 //m. 

1 6. The method of any of claims 1-5 wherein said vaporizable composition 

2 comprises a noble metal. 

1 7. The method of any of claims 1-6 wherein said catalytic component 

2 comprises a metal selected from the group consisting of platinum, gold, silver, 

3 palladium, ruthenium, rhodium, and iridium. 

1 8 The method of any of claims 1-7 wherein said concentration comprises less 

2 than about 0.3 mg/cm 2 . 

1 9. The method of any of claims 1-7 wherein said concentration comprises less 

2 than about 0.2 mg/cm 2 . 



1 



10. 



The method of any of claims 1-7 wherein said concentration comprises 
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2 from about 0.01 to about 0.2 mg/cm 2 . 

1 11 The method of any of claims 1-10 wherein said catalytic component 

2 comprises platinum. 

1 12. The method of any of claims 1-11 wherein said support is a coating on a 

2 carbon cloth, wherein said coating is selected from the group consisting of carbon, a 

3 wet proofing material, and a combination thereof 

1 13 The method of claim 12 wherein said wet proofing material is polytetra- 

2 fluoroethylene. 

1 14 The method of any of claims 1-13 further comprising 

2 providing a solid polymer electrolyte membrane, and 

3 disposing said support in ionic communication with said solid polymer 

4 electrolyte membrane. 
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1 15. The method of any of claims 1-14 wherein 

2 said solid polymer electrolyte membrane has a first side and a second side 

3 opposite said first side, and 

4 said method further comprises disposing said support on each of said first side 

5 and said second side to produce a membrane electrode assembly. 

1 16. An electrode produced by a process comprising: 

2 converting a vaporizabie composition comprising a catalytic component into a 

3 vapor; and 

4 depositing said vapor onto a support in an amount sufficient to produce a 

5 concentration of said catalytic component adapted to produce a 

6 catalytically effective coating on said support 

1 17. The electrode of claim 16 wherein said support is a carbon catalyst support 

2 comprising a material selected from the group consisting of graphite, a carbon filament 

3 bundle, reticulated carbon, carbon cloth, and carbon mesh. 

1 18. The electrode of claim 1 7 wherein said carbon catalyst support 
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2 comprises a material selected from the group consisting of a carbon cloth and a coating 

3 on a carbon cloth selected from the group consisting of carbon, a wet proofing 

4 material, and a combination thereof. 

1 1 9. The electrode of claims 16-18 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 /^m. 

1 20. The electrode of any of claims 16-19 wherein said vaporizable composition 

2 comprises a noble metal. 

1 21 The electrode of claim 20 wherein said catalytic component comprises a 

2 metal selected from the group consisting of platinum, gold, silver, palladium, 

3 ruthenium, rhodium, and iridium. 



1 



2 



22 The electrode of any of claims 16-21 wherein said catalytic component 
comprises platinum. 
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1 23 The electrode of any of claims 1 6-22 wherein said support comprises a 

2 coating on a carbon cloth wherein said coating is selected from the group consisting of 

3 carbon, a wet proofing material, and a combination thereof 

1 24. The electrode of claim 23 wherein said wet proofing material is 

2 polytetra-fluoroethylene . 

1 25. An electrode comprising a support comprising a vacuum deposited 

2 electrocatalyst disposed thereon, wherein said electrocatalyst is present in an amount 

3 of about 0.3 mg/cm 2 or less. 

1 26. The electrode of claim 25 wherein said electrocatalyst is deposited in a 

2 vacuum by ion beam assisted deposition. 



1 



2 



3 



27. The electrode of claims 25 and 26 wherein, at a cell potential of about 0.6 
V, an MEA containing said electrode half cell operating as a cathode yields about 800 
mA cm" 2 or greater. 
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1 28 The electrode of claims 25-27 wherein said electrode comprises an 

2 electrocatalytic active area of about 300 cm 2 or greater. 

1 29 The electrode of claims 25-28 wherein said catalyst comprises platinum. 

1 30. The electrode of claims 25-39 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 //m 

1 3 1 An electrode comprising a support comprising a deposit disposed 

2 thereon, said deposit comprising a catalytically effective load of an electrocatalyst 

3 comprising an electrocatalytic active area at least in part comprising rod-shaped 

4 structures 

1 32 The electrode of claim 3 1 wherein said rod-like structures are visible at 

2 a magnification of at least about xlOk. 



33. The electrode of claims 3 1 and 32 wherein said deposit further 
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2 comprises particles of said electrocatalyst comprising an outer surface, wherein said 

3 electrocatalytic active area comprises a majority of said outer surface of said particles. 

1 34. The electrode of claims 31-33 wherein said support has a surface area, and 

2 said deposit covers about 300 cm 2 or more of said surface area. 

1 35. The electrode of claims 3 1 -34 wherein said catalyst comprises platinum. 

1 36. The electrode of claims 31-35 wherein, at a cell potential of about 0.6 

2 V, an MEA containing said electrode as a half cell operating as a cathode yields a 

3 power output of about 400 mA cm' 2 or greater 

1 37. The electrode of claims 3 1-36 wherein, at a cell potential of about 0.6 

2 V, an MEA containing said electrode as a half cell operating as a cathode yields a 

3 power output of about 800 mA cm' 2 or greater. 

1 38. The electrode of claims 3 1-47 wherein, at a cell potential of about 0.6 

2 V, an MEA containing said electrode as a half cell operating as a cathode yields a 
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1 

2 
3 

1 

2 

1 

2 

3 
4 



power output of about 1 000 mA cm" 2 or greater. 

39. The electrode of claims 31-38 wherein said support comprises a 
membrane comprising a composite of polytetrafluoroethylene comprising impregnated 
ion exchange media, said composite comprising a thickness of about 1 /um. 

40. A membrane electrode assembly comprising the support of any of claims 

15-39. 

4 1 The electrode of any of claims 1 5-39 wherein 
said support has a surface area; and, 

substantially all of said surface area ionically communicates with an ionomeric 



42. 



The electrode of claim 42 wherein said surface area is 300 cm 2 or 



2 



greater. 



AMENDED CLAIMS 

[received by the International Bureau on 27 January 1999 (27. 01.99); 
original claims 1-42 replaced by new claims 1-47 (10 pages)] 

1 1 . A method for depositing onto a support one or more catalytic components, 

2 said method comprising: 

3 providing one or more vaporizable catalytic components; 

4 convening said one or more vaporizable catalytic components into a vapor: and 

5 depositing said vapor onto said support in an amount sufficient to produce a 

6 concentration of said one or more catalytic components adapted to 

7 produce a catalytically effective coating consisting essentially of said 

8 , one or more catalytic components on said support 

1 2 The method of claim 1 wherein at ^ast said depositing occurs in a 

2 vacuum. 

1 3 The method of claim 1 or 2 wherein said support is a carbon catalyst 

2 support. 

1 4. The method of claim 3 wherein said carbon catalyst support comprises a 

2 material selected from the group consisting of graphite, a carbon filament bundle, 
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3 reticulated carbon, carbon cloth, and carbon mesh. 

1 5. The method of any of claims 1-4 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 ixm. 



1 6. The method of any of claims 1-5 wherein said one or more catalytic 

2 components comprises one or more noble metals. 

1 7. The method of any of claims 1-6 wherein said one or more catalytic 

2 components comprises one or more metals selected from the group consisting of 

3 platinum, gold, silver, palladium, ruthenium, rhodium, iridium. 

1 8. The method of any of claims 1-7 wherein said concentration comprises less 

2 than about 0.3 mg/cm 2 

1 9. The method of any of claims 1-7 wherein said concentration comprises less 

2 than about 0.2 mg/cm 2 . 
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1 10. The method of any of claims 1-7 wherein said concentration comprises 

2 from about 0.01 to about 0.2 mg/cm 2 

1 11. The method of any of claims 1-10 wherein said one or more catalytic 

2 components comprise platinum 

1 12. The method of any of claims 1-11 wherein said support is a coating on a 

2 carbon cloth, wherein said coating is selected from the group consisting of carbon, a 

3 wet proofing material, and a combination thereof 

1 13 The method of claim 12 wherein said wet proofing material is polytetra- 

2 fluoroethylene. 

1 14. The method of any of claims 1-13 further comprising 

2 providing a solid polymer electrolyte membrane; and 

3 disposing said support in ionic communication with said solid polymer 

4 electrolyte membrane. 
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1 15. The method of any of claims 1-14 wherein 

2 said solid polymer electrolyte membrane has a first side and a second side 

3 opposite said first side, and 

4 said method further comprises disposing said support on each of said first side 

5 and said second side to produce a membrane electrode assembly. 

1 16. The method of any of claims 1-15 wherein said converting is thermally 

2 converting 

1 1 7 The method of any of claims 1-5 wherein said one or more catalytic 

2 components are metallic. 

1 18. An electrode produced by a process comprising: 

2 providing one or more vaporizable catalytic components; 

3 converting said one or more vaporizable catalytic components into a vapor; and 

4 depositing said vapor onto a support in an amount sufficient to produce a 
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5 concentration of said one or more catalytic components adapted to 

6 produce a catalytically effective coating consisting essentially of said 

7 one or more catalytic components on said support. 

1 19. The electrode of claim 1 8 wherein said support is a carbon catalyst support 

2 comprising a material selected from the group consisting of graphite, a carbon filament 

3 bundle, reticulated carbon, carbon cloth, and carbon mesh. 

1 20. The electrode of claim 19 wherein said carbon catalyst support 

2 comprises a material selected from the group consisting of a carbon cloth and a coating 

3 on a carbon cloth selected from the group consisting of carbon, a wet proofing 

4 material, and a combination thereof 

1 21 . The electrode of claims 1 8-20 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 turn. 

1 22. The electrode of any of claims 18-21 wherein said one or more vaporizable 

2 catalytic components comprises one or more noble metals. 
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1 23 The electrode of claim 22 wherein said one or more vaporizable 

2 catalytic components comprises one or more metals selected from the group consisting 

3 of platinum, gold, silver, palladium, ruthenium, rhodium, iridium. 

1 24. The electrode of any of claims 1 8-23 wherein said one or more 

2 vaporizable catalytic components comprises platinum. 

1 25. The electrode of any of claims 1 8-24 wherein said support comprises a 

2 coating on a carbon cloth wherein said coating is selected from the group consisting of 

3 carbon, a wet proofing material, and a combination thereof. 

1 26. The electrode of claim 25 wherein said wet proofing material is 

2 polytetra-fluoroethylene. 

1 27 The method of any of claims 1 8-26 wherein said converting is thermally 

2 converting. 
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1 
2 

1 

2 
3 
4 

1 

2 

1 
2 
3 

1 
2 



28, The method of any of claims 18-21, 25, and 26 wherein said one or 
more catalytic components are metallic. 

29 An electrode comprising a support having disposed thereon a vapor 
deposited electrocatalytic coating consisting essentially of one or more electrocatalysts, 
wherein said one or more electrocatalysts are present in an amount of about 0.3 
mg/cm 2 or less. 

30. The electrode of claim 29 wherein said vapor deposited electrocatalytic 
coating is deposited in a vacuum by electron-beam physical vapor deposition. 

3 1 The electrode of claims 29 and 30 wherein, at a cell potential of about 0.6 
V, an MEA containing said electrode half cell operating as a cathode yields about 800 
mA cm' 2 or greater. 

32. The electrode of claims 29-3 1 wherein said electrode comprises an 
electrocatalytic active area of about 3 00 cm 2 or greater. 
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1 33. The electrode of claims 29-32 wherein said one or more catalytic 

2 components comprises platinum. 

1 34. The electrode of claims 29-33 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 jum. 

1 35 The electrode of claims 29-34 wherein said converting is thermally 

2 converting 

1 36. An electrode comprising a support comprising a deposit disposed 

2 thereon, said deposit comprising a catalytically effective load of an electrocatalyst 

3 comprising an electrocatalytic active area at least in pan comprising rod-shaped 

4 structures. 

1 37. The electrode of claim 36 wherein said rod-like structures are visible at 

2 a magnification of at least about xl Ok. 
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1 38. The electrode of claims 36 and 37 wherein said deposit further 

2 comprises particles of said electrocatalyst comprising an outer surface, wherein said 

3 electrocatalytic active area comprises a majority of said outer surface of said particles. 

1 39. The electrode of claims 36-38 wherein said support has a surface area, and 

2 said deposit covers about 300 cm 2 or more of said surface area. 

1 40. The electrode of claims 36-39 wherein said catalyst comprises platinum. 

1 41 . The electrode of claims 36-40 wherein, at a cell potential of about 0.6 

2 V, an MEA containing said electrode as a half cell operating as a cathode yields a 

3 power output of about 400 mA cm' 2 or greater 

1 42. The electrode of claims 36-40 wherein, at a cell potential of about 0.6 

2 V, an MEA containing said electrode as a half cell operating as a cathode yields a 

3 power output of about 800 mA cm" 2 or greater. 

1 43 The electrode of claims 36-40 wherein, at a cell potential of about 0.6 
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2 V, an MEA containing said electrode as a half cell operating as a cathode yields a 

3 power output of about 1 000 mA cm" 2 or greater. 

1 44. The electrode of claims 36-43 wherein said support comprises a 

2 membrane comprising a composite of polytetrafluoroethylene comprising impregnated 

3 ion exchange media, said composite comprising a thickness of about 1 /-an. 

1 45 . A membrane electrode assembly comprising the support of any of claims 

2 18-44. 

1 46 The electrode of any of claims 1 8-44 wherein 

2 said support has a surface area; and, 

3 substantially all of said surface area ionically communicates with an ionomeric 

4 membrane. 

1 47 The electrode of claim 46 wherein said surface area is 300 cm 2 or 

2 greater 
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